Adherence to HIV care and treatment is the main challenge in following up HIV-infected patients in Mozambique. Similarly, adherence to prevention of mother to child transmission programmes is the main challenge in eliminating paediatric AIDS. Despite various interventions to improve patient adherence in Mozambique, the number of patients defaulting from treatment is still increasing. To address this problem, Absolute Return for Kids (ARK) launched a randomized control trial in 2011 to evaluate the impact of SMS reminders on adherence to antiretroviral therapy and prevention of mother to child transmission programmes. If proven effective and cost-effective the programme could be scaled up nationally and expanded to include all pregnant women. However, many HIV-positive pregnant women and women on HIV treatment do not have cell phones or are illiterate. Research has shown that women in sub-Saharan Africa are 23% less likely to own a mobile phone than men [1] . These vulnerable groups will continue to be left out of mhealth interventions, such as SMS reminders, that can have considerable impact on their and their families' health.
Introduction
As is the case in the majority of sub-Saharan African countries, adherence to HIV care and treatment is the main challenge in following up HIV-infected patients in Mozambique. In 2011, only 74% of patients enrolled in HIV treatment were still on treatment 12 months after initiating treatment. [6] Similarly, adherence to prevention of mother to child transmission (PMTCT) programmes is the main challenge in eliminating paediatric AIDS in Mozambique. In 2011, only 53% of HIV positive pregnant women went to the health centre for the prerequisite 4 prenatal visits. Only 66% of HIV positive women received prophylaxis to prevent mother to child transmission and only 44% of newborns were given prophylaxis. [6] Despite various interventions to improve patient adherence in Mozambique, the number of patients defaulting from treatment is still increasing.
To address this problem, Absolute Return for Kids (ARK) launched a randomized control trial in 2011, in partnership with the Mozambican Ministry of Health and the University of Eduardo Mondlane, to evaluate the impact of SMS reminders on adherence to antiretroviral therapy (ART)and interventions to prevent mother to child transmission of HIV. ARK's study will generate evidence from a randomised control trial demonstrating the effectiveness of SMS messaging on adherence to HIV care and treatment, and PMTCT services. If proven to be impactful and cost effective the model will be scaled up to 30 clinics, directly reaching over 150,000 people, accompanied by targeted policy work with the Ministry of Health to secure national rollout. The initiative involves an innovative public-private partnership with Vodacom who are providing free text messages, modems and technical support.
M-health in Mozambique: The opportunity
Globally, there were over 6.6 billion mobile phone users in 2011. Moving across socio-economic and cultural boundaries, cell phones have revolutionised communication, as well as access to and delivery of information and services. Mobile phones and SMS-based systems are increasingly used in the developed and developing world to promote health outcomes and have proven successful in increasing appointment attendance; increasing treatment compliance for a variety of conditions; disseminating public health information; mobilising attendance at vaccination programmes. Several projects have shown promising results of the potential for using SMS-based systems to improve health services and in turn, contribute towards improving health outcomes. [2, 3] In Mozambique, cell phone use has grown by 20-times since the government opened the telecommunications market in 2001. The government reports that there are currently over 2.5 million cell phone subscribers (with most being pre-paid) and is poised for scale up following the addition of a third network provider to the market in 2012. Text messaging is affordable in Mozambique ($.06 to send, free to receive), and this cost is expected to drop in 2012. Cell phone usage is highest in urban areas (estimated in a recent study to be 64% vs. 36% in rural), which is also where there is the highest HIV prevalence (16% versus 9% in rural). Notably, the Southern part of Mozambique is most severely affected by HIV, with a prevalence rate of 19.8% and 25.1% in the two most Southern provinces (including Maputo Province and Gaza), while the Northern provinces have prevalence rates ranging between 3.7% and 9.4%. [5] M-health interventions are at nascent stages in Mozambique compared to neighbouring South Africa with a burgeoning mhealth programme. This is the first study of the impact of SMS reminders in Mozambique and the first intervention to use SMS in the health care system. There are a few partners including World Vision and Save the Children, using SMS technology in the community to improve communication with community based organizations. The Ministry of Health is looking to use mhealth to improve uptake and adherence of health services but does not yet have a policy or working group. As such, ARK is working to establish a m-health working group with the Ministry of Health in Mozambique to ensure that there is synergy with other health programmes and to facilitate national expansion.
Methods
The study consists of a structured series of reminder and information messages that are sent to HIV-positive pregnant women and ART patients from six urban, peri-urban and rural health centres in Maputo Province. The aim is to contribute to an increase in appointment adherence (pharmacy and clinical) and the uptake of PMTCT services at ante-natal care visits, institutional births and post-natal care.
During a four month period, HIV positive pregnant women were interviewed to determine if they were interested and eligible to participate in the study. Eligibility criteria includes: currently residing in Maputo Province; planning on staying in Province for the upcoming 12 months; pregnant between 8-28 weeks; have their own cell phone; and can read and write.Similarly, ART patients were interviewed to determine their eligibility including: currently living in Maputo Province; residency for upcoming 12 months; literacy in Portuguese; own their own cell phone; on first line ART treatment; 18 years and older; and having been on ART for >15 days. Interested and eligible patients were then randomized to the control or intervention group (receive regular SMS reminders). An electronic patient tracking system (in Access) and the SMS system have been installed at each health centre and data entry staff trained on how to use the SMS system. The SMS reminders are sent automatically through the electronic patient tracking system via a USB modem (provided by Vodacom) on a weekly basis. The patient cohorts are tracked over time to see if their adherence is better than the control group cohort.
All pregnant women will receive counselling on how to prevent HIV transmission to their infant and access to mothers' support groups. All patients on ART will also receive counselling on the importance of adherence and access to support groups of other people living with HIV/AIDS in their community.
Measures of Success
The intended impact of this intervention is to reduce HIV related morbidity and mortality and prevent mother to child transmission of HIV. Specifically the outcome of the intervention is to achieve national roll out of a cost-effective technology solution to improve adherence to ART and uptake and adherence to PMTCT services.
Table 1: Intended change following SMS reminders
Intended Change Target Current Increase HIV positive pregnant women accessing 4+ antenatal care visits >75% 53%
Increase HIV positive pregnant women receiving antiretroviral prophylaxis >85% 46%
Increase appointment attendance for ART patients and patient in care >85% 60%
Reduce proportion of patients defaulting from ART at 12 months <10% 21% Table 1 : Baseline measures and intended changes for SMS study in Maputo Province.
For HIV positive pregnant women ensuring optimal ART adherence has a profound effect on infant and child mortality as the 20%-35% risk of virus transmission can be reduced to <5% by providing antiretroviral prophylaxis (for mother and child) or initiating ART for pregnant women. For all ART patients reducing loss to follow up has important correlations with clinical outcomes, including weight gain, recovery of CD4 count, reduction of viral load, and lower likelihood of resistance, morbidity and mortality.Studies have also shown that early initiation of ART and optimal adherence decreases likelihood of sexual transmissionof HIV.
Results
The study was launched in November, 2011 and will continue until April, 2013. We have enrolled 830 patients in the ART arm of the study (144% of our goal of 576 patients) of which 61% are women. We have enrolled 522 pregnant women, 147% of our PMTCT goal of 356 women. Table 2 Number of patients enrolled for the Study SMS Table 4 : The majority of pregnant women enrolled in the PMTCT arm of the study have a primary level of education (45.2%), are cohabitating but not married (60.3%) and were between 13-24 weeks pregnant when they enrolled in the study. The majority also were in stage I of HIV (73.4%), meaning the HIV disease is largely asymptomatic and not yet considered AIDS.
4.1
Initial results indicate that the biggest barrier to study enrolment was the high rate of ineligible women due to low literacy and personal cell phone ownership. Over 38% of those ineligible were unable to read and write in Portuguese and 27% didn't own their own cell phone; and 29% were illiterate and didn't own their own cell phone. Of the ART patients without a cell phone, 74% were female. Table 5 : Most ineligible patients were women of which the majority did not read and write in Portuguese or did not own a cell phone or both.
4.4
Almost 49% of HIV-positive pregnant women interviewed as part of the PMTCT arm of the study were not eligible. The largest barrier to enrolment in the PMTCT arm of the study is also cell phone ownership (35% of those ineligible) followed by literacy (21%) or both reasons (26%). Table 6 : Almost half of HIV-positive pregnant women interviewed were ineligible for the study. Of these the majority was because they did not own their own cell phone (35%), were illiterate (21%), or both (26%).
4.5

Discussion
Research by the GSMA Association has shown that women in low income countries are 21% less likely to own a cell phone than a man [1] . This gender gap represents at least 300 million in the developing world without access to a potentially life-enhancing tool. [1] In 2011, 29% of the population in Mozambique owned a cell phone and the vast majority of cell phone owners are men. Although cell phone coverage is increasing in Mozambique, it is increasing at a higher rate for men than women.
The goal of this study is to demonstrate the impact of SMS messages on HIV treatment and PMTCT. Based on this, ARK will advocate scale up nationally to include all pregnant women. However, many vulnerable HIV-positive women and pregnant women do not have cell phones or are illiterate and will continue to be left out of m-health interventions that can have considerable impact on their and their families' health.
We intend to explore the possibility of considering family ownership of a cellphone for inclusion in the study expansion as many women have husbands of family members with cell phones. SMS messages do not mention one's HIV status or HIV which will help avoid problems with confidentiality. In addition, we will look into the use of voice SMS messages for those who are illiterate to help overcome barriers to individual cellphone ownership and literacy. In addition we intend to extend the opportunity to leverage the platform to provide a continuum of care for all pregnant women from pregnancy to post-partum. A number of such initiatives have been established globally but Mozambique is a relatively new market for mHealth interventions.
